ZnO nano-particles were synthesized via an ammonical ammonium carbonate solution by precipitation method in presence of some additives such as urea, oleic and stearic acid. The morphology and crystallinity of the obtained zinc oxide particles depend critically on the type of additive which was used. Additives also affected the crystal orientation of precipitate nano-particles. SEM, XRD, BET and UV-visible were used to characterize morphology, microstructure, specific surface area and optical properties of the products. Photo-catalysis properties of the as-prepared ZnO powders were evaluated by degradation of methyl red (acid red) in aqueous solution exposed to UV-light. Results suggested a close relationship among the morphology, size and surface area on photo-catalysis and optical properties of the particles. The widest Eg value (3.56 eV), highest degradation and decolorization efficiency (99%) were obtained from a sample with the smallest grain size (largest surface area) which were used urea as an additive.
Introduction
ZnO is normally an n-type semiconductor with a wide and direct band gap of 3.37 eV and a large exciton binding energy of 60 meV [1] [2] [3] [4] . The structural and optoelectronic properties of semiconductors strongly influenced by their morphology, chemical composition, particle size distribution, environmental condition and fabrication processes [5, 6] . Among various semiconductors, zinc oxide has drawn much attention, because of their interest in fundamental study and also their applied aspects such as in solar energy conversion, varistors, luminescence, photo-catalysis, electrostatic dissipative coating and finally chemical sensors [7] [8] [9] .
It is evident that the desired chemical and physical properties, and particularly the optical properties and photo-catalytic activity strongly related to the particle sizes and shapes of ZnO powders [10] . In recent years, many researchers have reported that ZnO powders have a more powerful photo-catalytic reaction rather than TiO 2 , because ZnO powders can absorb larger fraction of the solar spectrum than TiO 2 powders can. When illuminated with some light source, these semiconductors generate electron-hole pairs, with electrons promoted to the conduction band and leaving positive holes in the valence band. The generated electron-hole pairs initiate a complex series of chemical reactions involving vestigial dye pollutants adsorbed at the surface of the semiconductors that might result in the complete degradation of the adsorbents. For this reason, many researchers have focused on the synthesis of different morphologies of ZnO powders due to the fact that they displayed the unique properties. Also surface areas and surface defects play an important role in the photocatalytic activities of semiconductors. The synthesis of ZnO photo-catalyst with large surface areas would be of great significance [11, 12] .
In this study ZnO nano-particles that were obtained via an ammonical ammonium carbonate zinc aqueous solution precipitation with additives such as Urea, Oleic and Stearic acid were used for characterization. The effects of additives upon the structure and morphology, and also those of particles size, shapes and surface areas on the optical properties and photocatalytic activity were investigated.
Experimental

Preparation of ZnO photo-catalyst
Because of achieving nano-scale particles production from precipitation method, so it needs a homogeneous nucleation from a super-saturation solution. Therefore, at the first step for obtaining maximum solubility condition of zinc oxide in an ammonical ammonium carbonate solution, solubility test was performed. Primary tests showed that the maximum solubility and most practical condition were achieved at pH=9.5 and T=85℃. For preparation of ZnO photo-catalyst, 500 ml of 2 M ammonium carbonate solution was placed into the beaker. When the beakers content reached its desired temperature (85℃), ammonia was slowly added to adjust pH (9.5). The value of pH was determined by a digital pH-meter (Inolab, model listed 8F93). Zinc oxide was added into the solutions until to reach the saturated solution. In this stage, additive solutions such as urea (S 1 ), oleic acid (S 2 ) and steraic acid (S 3 ) were separately added into the main solution. The point of cloud formation and precipitation were investigated for 150 min. After this time, the precipitates were filtered, rinsed by deionized water, dried at 105℃ for 24 h and finally calcinated at 400℃ for 1 h.
Photo-catalytic test
The photo-catalytic tests were performed at an ambient temperature on the samples for decomposition of methyl red (acid red) solution. A pyrex beaker (250 ml) was used as the photo-reactor vessel. An amount of 0.05 g of ZnO samples was added into 100 ml of 1 × 10 −5 M aqueous methyl red solution. The solutions were magnetically stirred in the dark for 30 min, and then they were irradiated by a 250 W high-pressure mercury lamp. At given irradiation intervals (5, 10, 15, 20, 25 min), 3 ml of each aqueous solution was collected and centrifuged to remove the ZnO powders, and then was analyzed by a UV-Vis spectrometer (Shimadzu UV-2550). The concentration of aqueous methyl red solution was determined by monitoring the change in the absorbance centered at 515 nm.
Characterizations
The crystallinity and crystal phases of as-prepared samples were determined by the use of X-ray diffraction (XRD, Philips with Cu-K α radiation). The morphology of particles was studied by scanning electron microscope (SEM, Philips XL30). The specific surface area of nano-sized ZnO particles was determined by nitrogen absorption Brunauer-Emett-Teller (BET) method. The optical absorption of the sample was carried out by a UV-Vis Spectrophotometer (UV-Vis 2550, Shimadzu).
Results and discussions
Morphology, structural properties, specific surface area Figure 1 shows XRD patterns of all calcined samples which were precipitated from zinc ammonical solution. All the samples exhibit the same XRD patterns. However, the differences in the relative peak intensities of the diffraction pattern of three samples were observed, which can be associated with a particular orientation for each sample. All the diffraction peaks can be indexed only as a diffraction pattern of a hexagonal wurtzite structure in a good agreement with the JCPDS 36-1451, suggesting that the calcined samples are a pure ZnO phase without any secondary phase [13] . In order to study the effects of additives on the size of ZnO crystals, the crystallite size of all calcined ZnO powders was calculated from the XRD results by the Scherrer's formula [14] : where D, K, λ, β and θ are related to the particle diameter, equivalent constant, wavelength of applied X-ray, peak broadening and Bragg angle, respectively. The calculated crystallite size of all calcined ZnO samples is respective 28 nm, 35 nm and 43 nm for S 1 , S 2 and S 3 samples. Figure 2 shows the different morphologies of ZnO nano-powders in the presence of urea, oleic and stearic acid as additives. As it is observed, the morphology of as-prepared zinc oxide powders is greatly influenced by additives which are used.
The obtained results show that the average particles size which were obtained from the analysis of scanning electron microscope images are in a good agreement with the values obtained from the Scherrer's formula. Among three samples, the average particles size of S 1 is the smallest one in comparison with S 2 (72 nm) and S 3 (98 nm) and it is about 60 nm.
The specific surface area of the nano-sized powder samples were obtained from the standard Brunauer-Emmett-Teller (BET) procedure. The BET adsorption isotherm equation can be written as follows:
where n is the moles of adsorbed gas at p (pressure of adsorbate), C is the BET parameter, n m is the monolayer capacity in moles, and p o is the saturation pressure of the adsorbate. The slope and intercept of the linearized form of the equation give the essential parameters used in determining the surface area. After obtained n according to Eq. (2), the S (specific surface area) value of ZnO powder can be calculated using the following equation:
where the area that a nitrogen molecular occupies is given by a M = 16.2 × 10 −20 m 2 and Avogadro constant is N A = 6.02 × 10 23 mol −1 . As a results, after completing the measurement of BET for the nano-sized ZnO particles, The surface area of S 1 , S 2 and S 3 is 82, 69 and 41 m 2 /g, respectively.
Band gap evaluation
The dependence of optical band gap on a particle shape and size were studied by some researchers [15] . Figure 3 illustrates the UV-vis absorption spectra of as-prepared samples at room temperature. Figure 3 (A) exhibits absorption spectrum of ZnO nano-particles without any additive, which exhibits absorption edge at 390 nm. Figure 3 (B, C, D) displays the absorption spectrum of samples, which exhibits a sharp absorption edge at 367, 365, 364 nm, respectively. It is well known that for a crystalline semiconductor the optical absorption near the band edge follows the formula:
where α is the absorption coefficient, h is the Planck constant, ν is the light frequency, E g is the band gap, and finally A is a constant. Moreover, among these, n describes the characteristics of the transition in a semiconductor. The value of n for ZnO is 1. The band gap energy (E g ) of samples was determined by extrapolating the linear section of the curve description of the dependence of (αhν) 2 on the photon energy (hν) for each of the sample to zero. The plot of (αhν) 2 versus hν based on the direct transition is shown in Fig. 4 . The Photo-catalytic activity of ZnO Figure 5 shows the photo-catalytic efficiency (%) of the different morphological ZnO nano-powders after Hg lamp illumination for 25 min. In the same condition S 1 , S 2 and S 3 exhibited 0.99, 0.97 and 0.93 photo-catalytic efficiencies respectively. As it can be seen in Fig. 6 , the decolorization efficiency of all samples increased when the irradiation time was increased and the decolorization efficiency was higher than 90% after having irradiated for 20 min. After the suspensions were irradiated by the UV light with energy higher than the bandgap, the electrons (e − ) in the valence band can be excited to the empty conduction band and the holes (h + ) occurred suddenly in the valence band. When the photoelectrons were trapped by oxygen acting as an electronic acceptor, and a superoxide radical anion (O − 2 ) was subsequently generated; whereas, the holes were trapped by MR, and in turn these holes acting as an electronic donor to oxidize the MR. Considering the decolorization efficiency of S 1 , S 2 and S 3 after being irradiated for 20 min, it is evident that the sample with a spherical shape and larger E g value showed a great powerful oxidation of MR. This is because S 1 has the largest E g value, the photo induced electrons can stabilize for a long time in the conduction band before coming back to the valence band or we can conclude that the sample with wider E g value has an appropriate energy potentials of charge carriers that can conduct the redox potential on the sample surface via the separately photo generated electrons and holes [16] . For this reason, the decolorization efficiency of S 1 is higher than those of S 2 and S 3 .
Conclusion
The different morphologies of ZnO powders were synthesized via an ammonical ammonium carbonate zinc aqueous solution in presence of some additives such as urea, oleic and stearic acid. As it was shown, the additives can affect the size and morphology of ZnO nano-powders. The powders with different morphologies have different absorption spectra and it will result different values of E g . A larger E g value was obtained from a sample with Urea as an additive and it is about 3.56 eV. The photo-catalytic degradation test suggested that ZnO powders showed a great powerful activity in dye degradation of over 99% after having irradiated with the UV light for 20 min. Also the degradation efficiency depended upon the E g value of samples. The higher efficiency obtained from the sample with larger E g value because of the retardation of the electron-hole recombination process.
